A novel psychrophilic strain, SSB001 T , was isolated from an alpine swamp meadow soil in Tibet, China, and identified as a representative of a novel phylogenetic subclade in the genus Paenibacillus, with Paenibacillus antarcticus (96.2 %), Paenibacillus macquariensis (96.53 %) and Paenibacillus glacialis (96.2 %) as the most closely related species on the basis of 16S rRNA gene sequence analyses. The strain was distinguished from defined species of the genus Paenibacillus by further study of rpoB gene sequences, phenotypic characterization, cellular fatty acid composition, quinones, polar lipids and meso-diaminopimelic acid in the peptidoglycan. Based upon these results, we propose the strain as a representative of a novel species named Paenibacillus tibetensis sp. nov., with SSB001
The Qinghai-Tibet plateau is the highest region on the Earth, known as the 'roof of the world', with an average altitude of more than 4500 m (http://www.china.org.cn/ english/scitech/104358.htm). The climate of the area is high mountain cold zone with the mean annual temperature varying from 22 u C to 8 u C and the lowest temperature being 250 u C. The mean annual precipitation is 1947.4 mm (Falandysz et al., 2014) . The air pressure and concentration of oxygen in the air are 55-70 % less than those at sea level, while the solar radiation is much stronger than in other regions (Hou et al., 2009; Ni, 2000) . These extreme conditions lead to a unique composition of species in Tibet. The novel strain SSB001 T was isolated from an alpine swamp meadow soil, at an altitude of 4185 m, located at 29 u 369 210 N 94 u 369 230 E in Shegyla Mountain, China.
According to Ash et al. (1993) , members of 'group 3' within the genus Bacillus can be distinguished from members of other Bacillus groups using a battery of phenotypic characteristics and 16S rRNA gene sequences. A new genus accommodating these bacteria was named Paenibacillus, and Paenibacillus polymyxa was proposed as the type species (Ash et al., 1993 ; Judicial Commission of the International Committee for Systematics of Prokaryotes, 2005) . At the time of writing, 154 species of the genus and four subspecies have been described. (http://www.bacterio.net/paenibacillus. html). Among all the species, most species are either mesophilic (Enright et al., 2003; Kim et al., 2014; Lim et al., 2006; Saha et al., 2005) or thermophilic (Li et al., 2014; Shimoyama et al., 2014; Yao et al., 2014) , with the exception of three psychrophilic species, Paenibacillus macquariensis (Marshall & Ohye, 1966) , Paenibacillus glacialis (Kishore et al., 2010) and Paenibacillus darwinianus (Dsouza et al., 2014) . In this study, we isolated a psychrophilic strain, SSB001 T , closely related to these species, which belongs to a novel species of genus Paenibacillus for which we propose the name Paenibacillus tibetensis sp. nov.
Genomic DNA was extracted from strain SSB001 T using a MoBio UltraClean microbial DNA isolation kit according to the manufacturer's protocol. For phylogenetic analysis, the 16S rRNA gene was amplified by PCR with primers 27f (59-GAGTTTGATCCTGGCTCAG-39) and 1525r (59-AG-AAAGGAGGTGATCCAGCC-39) (Rainey et al., 1996) and the purified PCR product was sequenced. The sequences acquired, together with related sequences obtained from the GenBank database, were aligned using the CLUSTAL W program in the MEGA 6.06 software (Tamura et al., 2013) . Phylogenetic trees were reconstructed with the neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods based upon the model of Jukes & Cantor (1969) . Phylogenetic trees were bootstrapped with 1000 replicates. Filled circles in Figs S1 and S2 (available in the online Supplementary Material) indicate the generic branches present in the phylogenetic trees generated by the neighbour-joining and maximum-likelihood methods. Both of the trees shared similar topologies with high bootstrap support, and only the smaller tree generated by neighbour-joining method was shown in Fig. 1 . Sequence similarities were calculated using the database EzTaxon-e (Ezbiocloud) to compare the sequences of the 16S rRNA genes (Kim et al., 2012 To further confirm the relationship of the four strains, the rpoB gene encoding the b-subunit of RNA polymerase was amplified from strain SSB001 T using primers rpoB1698f ( Acid production and additional physiological tests were performed using API 20E strips, API 50 CH strips and API 50 CHB/E medium (BioMérieux) according to the manufacturer's protocol over 2 days at 20 u C (Table 1 ). In the API 20E system, strain SSB001
T was positive for hydrolysis of arginine and starch, but negative for hydrolysis of ONPG, lysine, ornithine and tryptophan, production of indole and H 2 S, reduction of nitrate and the Voges-Proskauer test. In the API 50CH system, acid was produced from ribose, D-xylose, fructose, mannose, glycogen and gluconate. Acid was not produced from L-arabinose, methyl b-D-xylosidase, galactose, mannitol, methyl a-D-mannoside, methyl a-D-glucoside, arbutin, salicin, lactose, melibiose, sucrose, raffinose, gentiobiose, turanose or 5-ketogluconate.
The novel strain also showed a fatty acid composition different from those of the reference strains of related species using a previously described method (Athalye et al., 1985; Reddy et al., 2008) . In our study, the novel strain and three reference type strains were grown on TSA medium for 4 days at 20 u C, then the cells were harvested and the fatty acids were prepared and identified by the standard method of the MIDI Sherlock Microbial Identification System (Library RTSA6 6.0, MIDI Sherlock software package version 6.0). C 16 : 0 , iso-C 15 : 0 and anteiso-C 15 : 0 were common among the novel strain and the three reference strains, demonstrating their close relationship, but some minor compounds were different among the novel strain and the reference strains. The analysis of quinones, polar lipids and meso-diaminopimelic acid in the peptidoglycan of strain SSB001 T were performed by CGMCC (China General Microbiological Culture Collection Center). The diamino acid in the peptidoglycan was meso-diaminopimelic acid, MK-7 was the major isoprenoid quinone and phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol were the main polar lipids (Fig. S4) . These peptidoglycan characteristics are typical of the genus Paenibacillus.
Based upon all of the characteristics determined for strain SSB001 T , it is clear that these are in accordance with those described for the genus Paenibacillus. The results of phenotypic and chemotaxonomic tests were obviously difference from those of related reference strains. Phylogenetic analysis of the 16S rRNA gene and rpoB gene sequences indicated that the strain was very similar to P. macquariensis subsp. macquariensis, but the similarity was lower than the standard threshold for species delineation (97 % for 16S rRNA gene). Therefore, we propose that strain SSB001
T represents a novel species within the genus Paenibacillus.
Description of Paenibacillus tibetensis sp. nov.
Paenibacillus tibetensis (ti.bet.en9sis. N.L. masc. adj. tibetensis of or pertaining to Tibet, where the organism was isolated).
Cells are Gram-stain-positive, aerobic, motile with a polar flagellum, rod-shaped, 0.6 mm wide by 2.5 mm long. Terminal ellipsoidal spores are formed in swollen sporangia. Colonies are circular, slightly convex, shallow and yellow on TSA under optimal growth temperature (20 u C) and pH (7). Can grow at temperatures between 4 u C and 25 u C, between pH 6 and 7.5, and weakly with up to 4 % (w/v) NaCl. Utilizes dextrin, N-acetyl-D-glucosamine, L-arabinose, D-fructose, a-D-glucose, maltose, maltotriose, D-mannose, methyl b-Dglucoside, D-ribose, trehalose, D-xylose, acetic acid, succinic acid monomethyl ester, glycerol, adenosine, 29-deoxyadenosine, inosine, thymidine, uridine, 3-methyl-D-glucose (weakly), palatinose (weakly), salicin (weakly), pyruvic acid methyl ester (weakly) and pyruvic acid (weakly) as sole carbon sources. Positive for hydrolysis of arginine and starch. Acid is produced from ribose, D-xylose, fructose, mannose, glycogen and gluconate. The fatty acid is anteiso-C 15 : 0 . The diamino acid in the peptidoglycan is meso-diaminopimelic acid, MK-7 is the major isoprenoid quinone and phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol are the main polar lipids.
The type strain is SSB001
T (5ACCC 19728 T 5DSM 29321 T ), isolated from alpine swamp meadow soil in Tibet, China. Its DNA G+C content is 40.18 mol% (HPLC). 
